ofd f asseseuw me kdonuI. hy Nbmkin A re ied theoretical model for predicting the states of stress# strain and displacement in a cartridge came is presented. The results are valid during loading of the case 9 but prior to the time at which the case is extracted from the weapon. The combined effects of thermal and mechanical loading due to propeliant gas products are Included. The applied temperature may be steady state of transient. The case is modeled as a thermo-elastooplastic metal with linear workhardening using the Tresca yield criterion. The weapon This study was an extension of the modeling of case extraction described in an earlier report 1 by the author. In that report an analytical model for determining the force required to extract a spent cartridge case from a conventional weapon was presented. It was recommended in that report that additional refinement of the mechanics in the model be performed. Part of this additional refinement is presented herein.
In Reference 1 the cartridge case was modeled as a thin membrane shell being deformed and stressed, initially, by the mechanical pressure from burning propellant gases, and subsequently by interaction with the inner chamber wall. The chief purpose of the model was to calculate the state of residual radial stress in the case at extraction. This calculated residual radial stress atthe outside diamete of the case wall, when multiplied by the area on which it acts times . coefficient of friction, and less the blowback thrust, was essentially the force of extraction. (See Equation 6 of Reference 1). Those factors which were neglected or over-simplified in that model and are corrected here are:
1. The ability to include thermal (steady state and transient) strains.
2. The compatibility of the radial and hoop strains.
which the state of stires; was independent of the elastic and plastic material properties of the case. These factors are corrected by extending an analysis due initially to Bland 2 to the present cartridge case problem. In Bland's analysis2 the state of stress and strain in an elastoplastic, workhardening cylinder subject to internal and external pressure and temperature was given. Because the piece-wise linear Tresca's yield criterion was adopted, the resulting equations were linear, and solvable in closed form for linear work hardening. Bland assumed, however, that the cylinder wall was so thick that, at all levels of loading, part of the cylinder was elastic, and part plastic. His formulation can not readily handle the more difficult case in which the entire cylinder goes plastic before loading Is complete.
In the present analysis, it is assumed that Bland's analysis is applicable until the entire case has yielded. Then Bland's equations are reformulated under the assumption that the entire case experiences some plastic deformation and, thus, that no region remains purely elastic. Expressions for the states of stress, st-ain and displacement as functions of internal pressure are presented. These expressions are valid during the loading of the case. Unloading and the associated evaluation of the radial stress at extraction have not been treated.
THEORY Cartridge Case Model
Consider the cartridge case to be a cylinder undergoing axisymmetric loading. Then the radial equation of equilibrium is (re -0",,-¢, where the superscripts "e" and "p" denote elastic and plastic components, and ti the total axial strain. 
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where Eis the Young's modulus of the material and -is the Poisson's ratio, both of which are temperature insensitive. T is the temperature rise and A. the coeffitient of thermal expansion.
In order to relate the plastic strain components of Equations 4 to the stresses, the following assumptions are made:
1. The material is linear work-hardentng after yielding.
2. The Tresca yield criterion is used. It is important to note several facts at this point:
1. The constitutive Equations 7 to 10 are linear while still satisfyinik an exact theory of plasticity. This is a considerable simplification over the classical treatment 4 which used the non-linear vonMises criterion, and which may be solved only by a numerical (finite. diffe -ence) method.
2. The equilibrium equations above, 1 and 2, cannot be solved explicitly to obtain the stresses as a function only of the applied loads without regard to the constitutive equations and material properties an well as was done in the previous case extraction study . 4 3. Lastly, because Equations 2 and 3 are to be solved simultaneously, the rrsulting total strains to and t, will be compatible. Physically this mians that the cartridge case will now "fit together" after deformv ation. Tr C is, ad yet, an undetermined constant, and T (r) to the radial tempe rature distribution.
It is assumed that the case is heated non-uniformally to a temperature T. As mentioned previously, P it the not axial force to which the * cartridge case is subjected at extraction. If experimental values for the thrust from the gas expulsion at the case mouth were known, a value of P could be determined. This would in turn allow the average longitudinal strain and stress tVo be determined. Such experimental data is not as yet available. 5 A unique feature of this saalysis is that thn formula for 6r Equation 15, does not depend on , and, hence, does not depend on the &31l thrust, P. This is a great simplification over the classic treatment , in which the value of OIg was nonlinearly coupled to both the axial strain and axial stress. Thus the lack of data for P does not, in the present analysis, explicitly influence the determination of the force of extraction, since the force is a function only of (yl, .4 As will be shown below, however, the radial displacement, u, does explicitly depend upon %,L and P. During extraction u is used to determine the point of unloading and thus affects O'e The values of G', G'Z, and Or calculated above are used to check the inequality given by Equation 6 and also that no difference between any two of the stresses drops below the ytel,. stress K0 "
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A discussion of these requirements it given in Bland . If either of these requirements is not fulfilled the analysis is not valid.
As mentioned in the Introduction the present analysis is valid only during loading of the case, unloading has not an yet been treated for this formulation. Unloading for crude theories of plasticity has i follow closely the analysis given in the preceeding section.
RECOMMENDATIONS
A theoretical analysis of the states of stress, strain and displacement u.
•. cartridge case and chamber has been performed. The cartridge case has been modeled as a right circular cylinder of thrermo elasticplastic, linear strain hardeni,,g metal.
-ah chamber is elastic.
